Introduction
A hallmark of endogenous growth literature is that human capital and technological progress play critical roles in affecting economic growth. This paper argues that a semiendogenous growth model developed by Jones (2002) does not accommodate crosscountry characteristics hence a modification is required in order to be applicable to countries in the world. Semi-endogenous growth model was established mainly in developed countries with different characteristics to those of developing ones. The applicability of semi-endogenous growth model is then in question. Powerful prediction of the model along with its ability to match with empirical data is the ultimate goal in building an economic model.
In a semi-endogenous growth model, technological progress is the main engine of growth where sustainability of economic growth is determined by technological innovation and stock of knowledge. Achievements in industrial and academic research play an important role in accomplishing technological innovation and progress in knowledge. Availability and a certain level of human capital thus guarantee those achievements. Romer (1986) mentioned that technological progress is a subsequent product of continuous efforts in research and development with current human capital and stock of knowledge. Jones (1995b) states that the R-D based models of endogenous growth are rejected by the criterion. Semi-endogenous growth model has put a strong emphasis on human capital and technological progress as the main determinants of economic growth.
Less-developed countries depend on knowledge and technology created in the developed world in order to accumulate their stock of knowledge. The quantity and the quality of R&D workers in developing countries are low or much worse non-existent due to no R&D or no available workers. This problem of R&D workers can root from the quality of education. Low quality of education hence low quality of human capital is a problem every developing country needs to resolve . Lucas Jr (1988) and Stokey (1988) have found the correlation between education and productivity of workers . Lucas Jr (1988) and Stokey (1988) claim education will subsequently generate positive externalities. Thus it is obvious that the productivity of workers in developing nations is much lower than that of developed nations. Coe & Helpman (1995) found that, of all OECD countries, only 7 countries that put 90% of the fund in R&D in 1991. Coe & Helpman (1995) claim that of 96% of research industrial countries provided a fund in the world in 1990. The ability to innovate is the only a privilege to certain countries. To those countries less fortunate in terms of ability to innovate then being able to absorb new knowledge and technology from developed countries through the various channel such as international trade, foreign direct investment, and so on would be the only hope. Knowledge and technology must be created somewhere and spill everywhere. Therefore to assume a model that represent identical characteristics of countries being analyzed would undermine the result produced. Coe et al. (2008) show that domestic and foreign R & D capital stocks have measurable impacts on TFP.
Even so, less-developed countries cannot absorb knowledge from developed countries easily and fully. There are barriers and obstacles that keep less-developed countries from making full use of advances in knowledge and technology from industrial countries. Such barriers and obstacles thus differentiate these countries from the developed ones. Barriers may include such things as the quality of institutions, wars, health levels, geographical conditions, the availability of natural resources, and so on. In a broader perspective, Acemoglu et al. (2005) then concluded that the difference in the rate of economic growth between countries is not merely the issue of capital accumulation, the role of technology and human capital, there is the role of institutions in it. Acemoglu et al., (2001) even suggest that in certain cases, institutions are the main determinants of economic growth.
Bringing these barriers and obstacles to attention and concentrate to eliminate these problems would be the key to increasing growth rates. It is then important to acknowledge these problems in the semi-endogenous growth model. By accommodating the obstacles in modeling economic growth would give a better understanding of the problem at hand and also enhance the prediction power of the model.
A modification to Jones Model is necessary if we would like to apply the model to analyze economic growth in developing countries, specifically in Indonesia. Modification to the model must accommodate problems and obstacles as mentioned above. Modification becomes inevitable because different characteristics between developing countries and developed ones do exist. In addition, the majority of growth models are built by taking samples in developed countries so that the assumptions and characteristics of the model cannot describe the situation in the developing countries well. Therefore a discussion of the growth model with regard to the characteristics of developing countries and its constraints will be able to provide a broader understanding of the growth model itself. This research is also expected to provide new treasures for the field of macroeconomics.
Methods
To apply Jones Model to developing countries, we have to modify by including the variables that characterize developing countries. The initial setting of Jones Model consists of 8 basic equations so then the choice of equations to be modified becomes crucial at the very beginning. If we look again at the conclusion of Jones (2002), which states that the engine of growth is ideas creation. Then, we can confidently state that the equation to be modified relates to ideas creation. The problems faced in developing countries and the difference between developing and developed countries are the low levels of knowledge and technology accumulation. As mentioned above, this problem can be summarized into one major dimension that is an institutional problem. Institutions have a broad meaning and include such things as potential tribal, religious, racial and inter-group tensions, bureaucratic quality, government stability, corruption, law and order stewardship, level of trade openness, military presence on the political stage, investment profile, potential conflict internal and external, and maturity levels of democracy.
Our study is different from Hall & Jones (1999) in terms of how institutional factors affect growth rates. According to Hall & Jones (1999) , the economy of a country is influenced http://journal.uinjkt.ac.id/index.php/signifikan DOI: htttp://dx.doi.org/10.15408/sjie.v8i1.9136
by the factors that make up the social infrastructure, . Per capita growth rates are influenced by in the following relationship: and From the above equation, we can quickly conclude that S directly affects . While that is not the case in our study. We argue that S will affect the amount of new knowledge and technology absorbed by less-developed countries. Since the quality of institutions are lower than those of counterparts in the developed world than we could expect that the amount of new knowledge and technology is not fully absorbed. So S will influence indirectly through the growth of A t . Formally the setting of Jones (2002) looks like this:
We modify equation (5) because it states that the growth of the stock of knowledge is a function influenced by aggregate human capital working in the R&D and a stock of knowledge in developed countries. Equation (5) is an equation describing the growth of the stock of knowledge. Remember, Jones (2002) is semi-endogenous growth model that defines growth in output as driven by the growth in knowledge. Equation (5) is the core of Jones Model. It is this equation that builds the essence of the entire model. Therefore the choice to modify equation (5) is justified on solid ground. We will derive equations in the same manner Jones (2002) did to his model.
The stock of knowledge in developed countries is higher than the stock of knowledge in developing countries. The stock of knowledge in developing countries is constrained by the various problems encapsulated within the institution. In addition, developing countries depend on the stock of knowledge of developed countries.
The growth of the stock of knowledge in developing countries is strongly influenced by the growth of the stock of knowledge in developed countries so that we can express this relationship as , the stock of knowledge in developed countries and is stock of knowledge in developing countries. Then it follows that . In other words, the stock of knowledge in developed countries is higher than the stock of knowledge in developing countries. There is a gap in knowledge and technology hence it will flow from developed countries to less developed countries. So stock of knowledge in developing countries is a function of stock of knowledge in developed countries with a limit or a barrier. We can write the above argument as . This ratio reflects a knowledge spillover from developed countries to developing countries. With then will be positive and give a multiplier effect on equation (5). If there is a situation in time, where , then we can conclude that stock of knowledge in developed countries has equal stock of knowledge in developing countries. In other words, we can say that developing countries have become developed countries.
As mentioned earlier, the problems that arise in developing countries and often influence their economic growth is a complex problem in the so-called institutional dimension. This institutional factor can decelerate or accelerate the process of ideas creation depending on the size of the index number. Developing countries are hypothesized to have much lower institutional factors than institutional factors in developed countries. This prevents knowledge spillover from developed countries to be utilized or absorbed to the fullest. If we symbolize the constraints of this institutional factor as 1 -S, where S is an institutional index number , then the ratio that states knowledge spillover in the preceding paragraph would be In developed countries, whereas, with the presence of inhibiting factors as described by Acemoglu et al., (2005) and Hall & Jones (1999) , in developing countries S < 1. The impact of economic growth through the growth of in the case of developing countries will not be large enough because the benefit from will not be fully realized and developing countries can only benefit . S is an inhibiting factor or institution in Acemoglu et al., (2005) or social infrastructure in Hall & Jones (1999) . S has a theoretical maximum and minimum value of 1 and 0 respectively. Modified equation will become:
Equation (9) states that the growth of stock of knowledge of a particular country depends on (i) the human capital working in research ( ); (ii) the stock of knowledge in developed countries ( ); (iii) the stock of knowledge of ( ); (iv) the institutional index at play in that particular country (S). In this new equation, interactions between countries in the world are explicit and expressed as .
When it comes to the time when a country, that originally was a developing country, has grown into a developed country, then the stock of knowledge in that country will match the stock of knowledge in developed countries or and the institutional index in that country high enough or . This will result in the modified equation above to "return" to equation (5) in Jones Model. We can see from equation (9) that we now have full flexibility when it comes to analyzing different countries in the world. What we mean by flexibility is that we can first determine the institutional factor, S, and then calculate the knowledge spillover that can take place without having to worry about other assumptions. We still utilize http://journal.uinjkt.ac.id/index.php/signifikan DOI: htttp://dx.doi.org/10.15408/sjie.v8i1.9136 the same set assumptions as it is in Jones Model. It is common practice to proxy-developed countries as OECD countries or G-7 countries.
Result and Discussion
We can then continue to derive the remaining equations in the model. The difference lies in equation (5) that is modified to equation (9). We can derive the 8 main equations above to gain an understanding of the main determinant of long-run economic growth. The next function uses equation (1) as a start. If we notice that , so we can obtain the following:
Both sides are raised to the power of to become:
and:
where:
We can rewrite the above equation as: We can then divide both sides with , to get: The end equation will be equation (11): (11) If we let , then we take log of both sides, the equation will be:
We can then derive with respect to time to obtain:
Or:
(11.a)
Where:
(11.c)
We can rewrite (9) by dividing both sides with to arrive at: If we notice equation (11), we can find out that:
If we let:
, and because is hard to detect or measure according to Jones (2002) , we then normalize to arrive at: , then .
(11.d)
We insert equation (11.c) and (11.d) to equation (11) to arrive at:
Next, we can manipulate equation (12) to obtain growth rate at balanced growth path, namely:
Since we already know that at balanced growth path, all variables grow at constant rate therefore allocation variables such will remain constant.
We can then derive with respect to time to get:
If we take a closer look at equation (12.a), then there are two components that influence gy, namely: 1) y.n dan 2) expresses duplication in research or effectiveness in research because where measures level of duplication in research. shows how many individuals who conduct research in the same area or problems. The more individuals working the same research, then we say it is less effective because other resources can be directed to other different research or problem areas. Kortum (1997) , and Lambson & Phillips (2007) the impact of past research on current research that is heavily influenced by technological progress in advanced countries, . If and are both combined then those parameters show a level of productivity in research. Let us say , for simplicity, then long-run output growth can be rewritten as or we can simply say that long-run output growth is influenced by the productivity of research.
For
, we can use (5) by dividing both sides with :
Next, we take log on both sides and then derive with respect to time: Next is to manipulate equation (11) to arrive at equation (13) Then derive with respect to time:
Add and subtract simultaneously right side of equation (13.c) with " " to arrive at:
Equation (14) explicitly states that the growth rate of is driven by the growth rate of the following: capital-output ratio, human capital, and share of labor in goods, multifactor productivity in developed countries. The main difference between Jones (2002) and our modified version lies in the parameters, namely . For a more detailed comparison, refer to the table below. This parameter, , is made of other parameters, . The first three parameters are the same as that of Jones (2002) . The parameter specific to a country is inserted to a new model through the parameter, S. This new parameter adds flexibility and power to the new model as we can now analyze different countries with respect to their specific characteristics. Table  1 shows a comparison between Jones Model and the modified version.
When steady state is reached, according to Jones (2002) , the growth of output eventually is defined by the parameters and , which is the parameter of ideas function and the parameter of population growth. It is the number of population growth that devote their time and effort to knowledge and technology that matter. But in the new modified model, those are not the only parameters that define growth. In the modified model, per capita output growth in the long term is influenced by the growth factor of the exogenous population, , and institutional index, , and , i.e:
Where is an inhibiting factor in economic growth. S is a characteristic factor of a country. By inserting the S parameter, we can analyze a particular country different from the United States that is the reference country in Jones Model. The factors such as rate of duplication in research ( ), the ability of past research to affect current research ( ), and the level of institutional readiness in fostering knowledge and technology (S) also play important roles.
Growth will be generated endogenously through R & D (Jones, 1995a) . Bayarçelik & Taşel (2012) , Blanco et al., (2015) , Bozkurt (2015) , Freimane & Bāliņa (2016) , and SokolovMladenović et al., (2016) also shows that the R & D expenditure will cause an increase of real GDP growth. Khan (2015) concludes that research and development play a significant role in economic growth. Pece et al., (2015) using proxies of innovation with the number of patents, the number of trademarks, and R&D expenditures. The results provided evidence of a positive relationship between economic growth and innovation. A different result is found by Sylwester (2001) , which there no strong association between R&D and economic growth in 20 OECD countries, but there is a positive association in G7 countries. The effectiveness of an innovation policy that attempts to enhance productivity only based on increasing R&D intensity (Pessoa, 2010) . Çalışkan (2015) states that the quality of growth rates is as much important as their size. 
Conclusion
Long-term economic growth in Jones' model is influenced by exogenous population growth rates, n. This is what makes Jones Model a semi-endogenous model, namely (i) growth and technological change in the model itself is endogenous but (ii) long-term growth is absolutely explained by the growth of exogenous populations.
The modified equation provides a general form while Jones Model equation serves a more specific case that is for cases in developed countries.
We can use a modified model with greater flexibility in analyzing any countries in the world within Jones Model framework without having to worry about losing its predictive strength. Greater flexibility also means that semi-endogenous growth model is no longer a privilege of developed countries. Advances in technology and knowledge accumulation are not influenced by a variety of things that were not explained in previous semi-endogenous models. In fact, the modified model produces better predictive strength. Better predictive strength means that the new modified semi-endogenous model has better analysis close to reality. This is the ultimate goal at the end of the model building. The new modified model put stress on institutions whereby government and stakeholders of society as a whole should regard the quality of institutions as valuable.
